Abstract Objective To elucidate the clinical and radiological features of Pneumocystis pneumonia (PCP) in patients with rheumatoid arthritis (RA), compared with methotrexate (MTX) pneumonitis in RA and Pneumocystis pneumonia in acquired immunodeficiency syndrome (AIDS).
Introduction

Pneumocystis pneumonia (PCP) is one of the uncommon but serious, life-threatening complications in patients with rheumatoid arthritis (RA) receiving treatment with methotrexate (MTX) (1-3). However it is often difficult to establish a definitive diagnosis, because the clinical and radiological presentations closely resemble those of MTX induced pneumonitis (MTX-P). Both are characterized by acute, progressive respiratory symptoms and diffuse bilateral infiltrates on chest radiography. The clue enabling a distinction lies in the detection of Pneumocystis jirovecii (P. jirovecii). However it is well known that traditional staining is often not sensitive enough in PCP in non-HIV conditions (4). Recently polymerase chain reaction (PCR) has been widely used for detection of this organism, with satisfactory sensitivity (5-7), but this method alone has the problem of false-positivity (8, 9). The subsidiary role of serology, especially measurement of β-D-glucan, has not received much attention.
We conducted a retrospective multicenter study to elucidate the clinical and radiological characteristics of RA-PCP, comparing it with MTX-P and also with AIDS-PCP , in order to discuss the problem of the differential diagnosis of these diseases. (Fig. 1A, Fig. 1B (Fig. 2A, Fig. 2B ), c) another pattern such as mixed consolidation and GGO (type C) (Fig. 3) 
Materials and Methods
Fourteen cases of PCP during treatment for RA were identified at 7 participating centers in Tokyo and its suburbs by practicing rheumatologists or pneumologists from April 2001 to August 2006. Ten cases of MTX-P were also identified at these centers during the same period. For comparison with RA-PCP, 11 cases of AIDS-PCP were randomly selected at two AIDS centers in Tokyo from
Results
Patient characteristics
F i g u r e 1 B . T y p e A GGO. A c a s e o f MT X-P i n a 6 1 -y e a ro l d ma n . He h a d r e c e i v e d MT X t h e r a p y f o r 7 y e a r s . He h a d s e v e r e r e s p i r a t o r y d i s t r e s s o n a d mi s s i o n , wa s t r e a t e d wi t h mec h a n i c a l v e n t i l a t i o n a n d r e s u l t e d i n f a v o r a b l e o u t c o me . CT s h o ws h o mo g e n e o u s GGO s h a r p l y d e ma r c a t e d f r o m n o n -a ff e c t e d l u n g b y i n t e r l o b u l a r s e p t a .
F i g u r e 2 A. T y p e B GGO: h o mo g e n e o u s o r n o n h o mo g en e o u s GGO wi t h o u t s h a r p d e ma r c a t i o n . An 8 3 -y e a r -o l d ma n h a d b e e n t r e a t e d f o r RA f o r 9 y e a r s wi t h p r e d n i s o l o n e ( P S L ) a n d MT X. MT X-P wa s d i a g n o s e d t h r o u g h e x c l u s i o n o f i n f e c t i o n wi t h b r o n c h o s c o p y . CT s h o ws n o n h o mo g e n e o u s GGO wi t h o u t s h a r p d e ma r c a t i o n .
F i g u r e 2 B . T y p e B GGO. A 5 3 -y e a r -o l d ma n h a d b e e n d i a gn o s e d a s HI V p o s i t i v e f o r 6 y e a r s . P n e u mo c y s t i s p n e u mo n i a ( P CP ) wa s c o n f i r me d t h r o u g h p o s i t i v e s t a i n i n g f o r P n e u mo c y s t i s j i r o v e c i i ( P . j i r o v e c i i ) i n h i s s p u t u m. CT s h o ws d i f f u s e , n o n h o mo g e n e o u s GGO wi t h o u t o b v i o u s d e ma r c a t i o n . chronic interstitial lung disease (ILD) defined by the presence of honeycombing in CT.
The 
Clinical features
The clinical features of these three groups are shown in Table 2 (Fig. 4) . The i g u r e 4 . S e r u m CRP a n d p l a s ma β -D-g l u c a n i n t h e t h r e e g r o u p s . CRP i s s i g n i f i c a n t l y h i g h e r i n MT X-P a n d P n e u mo c y s t i s p n e u mo n i a i n RA p a t i e n t s ( RA-P CP ) t h a n P n e u mo c y s t i s p n e u mo n i a i n AI DS p a t i e n t s ( AI DS -P CP ) , wh i l e β -D-g l u c a n i s s i g n i f i c a n t l y l o we r i n RA-P CP t h a n AI DS -P CP . (Fig. 1A, Fig. 1B) , while type B was found in 2 ( Fig. 2A) , and type C in 1 case (Fig. 3) 
F i g u r e 3 . T y p e C : o t h e r t y p e , mi x e d GGO a n d c o n s o l i d a t i o n . A 6 9 -y e a r -o l d ma n wa s g i v e n a d i a g n o s i s o f MT X-P . CT s h o ws GGO i n t e r mi n g l e d wi t h mu l t i p l e f o c i o f c o n s o l i d a t i o n .
T a b l e 1 . P a t i e n t Ch a r a c t e r s t i c s plasma β-D-glucan level of AIDS-PCP was
T a b l e 2 . Cl i n i c a l F e a t u r e s tilation, all recovered well.
Radiologic features
All patients showed diffuse bilateral infiltrates on chest radiography which, by itself, is neither specific nor pathognomonic for any of these three disorders. Through the analysis of CT images, we found three patterns of opacities, as mentioned above. The occurrence rates of these three patterns in each group are shown in Table 3. In the MTX-P group, the type A pattern predominated, noted in 7 cases
. Type A was the most predominant image pattern for MTX-P. On the other hand, in the AIDS-PCP group, type A was found only in 1 case,
F i g u r e 5 . I mmu n o l o g i c a l s t a t u s o f e a c h g r o u p r e p r e s e n t e d b y p e r i p h e r a l CD4 c e l l c o u n t ( me a s u r e d i n e v e r y g r o u p ) a n d s e r u m I g G ( n o t me a s u r e d i n AI DS -P CP g r o u p ) . B o t h RA-P CP a n d MT X-P s h o w a r e l a t i v e l y p r e s e r v e d i mmu n o l o g i c a l c o n d i t i o n i n c o n t r a s t wi t h AI DS -P CP .
F i g u r e 6 A. GGO s e e n i n a RA-P CP p a t i e n t . A 7 1 -y e a r -o l d wo ma n h a d r e c e i v e d MT X t h e r a p y f o r 6 y e a r s . P CP wa s d i a gn o s e d b a s e d o n e l e v a t e d β -D-g l u c a n a n d p o s i t i v e P CR f o r P . j i r o v e c i i i n b r o n c h o a l v e o l a r l a v a g e f l u i d . CT s h o ws t y p e A GGO.
F i g u r e 6 B . GGO s e e n i n a RA-P CP p a t i e n t . A 6 4 -y e a r -o l d ma n h a d r e c e i v e d MT X t h e r a p y f o r 5 y e a r s . P . j i r o v e c i i wa s i d e n t i f i e d wi t h Gr o c o t t s t a i n i n g wi t h ma r k e d e l e v a t i o n o f s er u m β -D-g l u c a n . CT s h o ws t y p e B GGO, n o n h o mo g e n e o u s p a t t e r n wi t h o u t l o b u l e t o l o b u l e d e ma r c a t i o n .
while the other 10 cases showed type B (Fig. 2B) (Fig. 6A) , 5 cases showed type B (Fig. 6B) 
Discussion
MTX is now widely used for the treatment of RA, because of its efficacy and low toxicity. In association with the increased use of MTX, serious and life-threatening lung complications have been increasingly reported (1-4, 10-12). One is PCP and another is MTX-P. Both diseases develop acutely and may sometimes result in serious consequences. PCP is an infectious disease in an immunosuppressed condition and should be treated with antimicrobial agents. MTX-P is a hypersensitivity reaction and should be treated by withdrawal of MTX, often followed by corticosteroids. To distinguish between these two conditions, RA-PCP and MTX-P, is therefore very important in the clinical context of acute onset lung injury during the treatment for RA with MTX.
The distinction, however, is often very difficult to make because of their similar clinical presentations. Imaging features are also so similar that no definitive difference has been reported between the two. Above all, the detection of P. jirovecii, which is mandatory for the diagnosis of PCP, is often very difficult in RA-PCP patients. In PCP patients without AIDS such as those of connective tissue disorders (CTD) receiving immunomosuppresive therapy (13) , it is well documented that the organism numbers of P. jirovecii are significantly fewer in respiratory specimens (14) (15) (16) (17) . In T a b l e 3 . Oc c u r r e n c e o f CT I ma g e P a t t e r n s such a situation, traditional staining is often not sufficiently sensitive. PCR for P. jirovecii is a much more sensitive technique than traditional staining (5) and its usefulness in the diagnosis of PCP, especially with low organism burden, was reported by many investigators (4, 6, 7) . On the other hand several studies found incontrovertible incidence of colonization of P. jirovecii among immunosuppressed patients, suggesting that a positive PCR result alone may lead to overdiagnosis (8, 9) . Meanwhile the measurement of β-D-glucan, a quantitative marker for mycotic diseases, has been reported as a useful and reliable marker in the diagnosis of PCP (18) (19) (20) (21) . Thus, we considered that, for the diagnosis of RA-PCP, detection of P. jirovecii by traditional staining is desirable but cases of positive PCR results with negative smears are also eligible when the plasma β-D-glucan level is significantly elevated.
Radiologic features of MTX-P
The radiologic features of MTX-P have been reported by many authors (10) (11) (12) 
